Background and Aims: Liver cirrhosis (LC) is the end stage of multiple processes that lead to hepatic failure and is the 10th most common cause of death in the Western world. Bacterial infections are one of the most important clinical problems in patients with LC, as their underlying immune status is compromised. Approximately 60% of bacterial infections in cirrhotic patients are community acquired (CA) and 40% are nosocomial. The most common infections in cirrhotic patients are spontaneous bacterial peritonitis (SBP) (25%), urinary tract infection (UTI) (20%), pneumonia (15%), bacteremia (12%), and cellulitis (2-11%). The aim of this study was to evaluate the most frequent infections in patients with LC and describe the evolution of the microbiology in these patients. Material and Methods: This is a retrospective analysis of 4 interspersed years (2008, 2010, 2012, and 2014) that included 372 patients. Demographic characteristics were evaluated, including gender, age, type of infection, bacteria resistance profile, antibiotic use, Child-PughTurcotte and Model for End-Stage Liver Disease scores, and mortality rate. Results: The mean age of all patients enrolled in this study was 64.5 ± 12.2 years. Male patients were significantly more prevalent than female ones (72 vs. 28%). In the 4 analyzed years, the following numbers of infections occurred: 71 infections (49% CA and 51% nosocomial) in 2008; 86 infections (60.5% CA and 39.5% nosocomial) in 2010; 99 infections (56.6% CA and 43.4% nosocomial) in 2012; and 116 infections (70.7% CA and 29.3% nosocomial) in 2014. The most frequent infections were UTI (32.5%), respiratory tract infection (29.3%), SBP (26.1%), and cellulitis (6.2%). A microbiological agent was identified in 32. 4, 59.3, 53.5, and 61.2% of infections in 2008, 2010, 2012, and 2014, respectively, with a predominance of gram-negative bacilli. In all series, a third-generation cephalosporin was the most frequent antibiotic used empirically. The majority of patients was in stage B (42.7%) of the Child-Pugh-Turcotte score, followed by stage C (39.3%) and stage A (18%). Mortality increased significantly over the years, from 7% in 2008 to 25% in 2014 (p = 0.016). Conclusions: The present study showed a high prevalence of bacterial infections in patients with LC. A high rate of suspicion is needed for an infectious process in these patients, and an appropriate antibiotic treatment can decrease the morbidity and mortality in cirrhotic patients. 
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Introduction
Liver cirrhosis is a progressive disease that evolves from a compensated stage (mostly asymptomatic) to a decompensated stage [1] . The decompensated stage occurs when the complications of cirrhosis appear (upper gastrointestinal bleeding, ascites, hepatic encephalopathy, or hepatorenal syndrome) [1] . The risk of death in compensated cirrhosis is 4.7 times higher than in the general population, and in decompensated cirrhosis, the risk of death is 9.7 times higher [2] . Liver cirrhosis is the 10th most common cause of death in the Western world [3] . Bacterial infections are one of the most important clinical problems in patients with decompensated liver cirrhosis, particularly in hospitalized patients, and they are associated with high morbidity and mortality rates [4] [5] [6] . Infections in cirrhotic patients are either present at admission or develop during hospitalization in about 20-35% of patients in some series or 20-60% of patients in others [3, 4, 7] . Ninety percent of the cirrhotic patients' infections are bacterial [5] . The in-hospital mortality of cirrhotic patients with infections is about 15% (2 times higher than in cirrhotic patients without infection), but it can increase to 70% if a septic shock occurs [5, 8] . The most common infections in cirrhotic patients are spontaneous bacterial peritonitis (SBP) (25%), urinary tract infection (UTI) (20%), pneumonia (15%), bacteremia (12%), and cellulitis (2-11%) [5, 8] . Clinical factors associated with an increased risk of infection are deterioration of liver function, variceal bleeding, prior SBP, low ascitic fluid protein levels, and hospitalization [7, 9] . The mechanisms underlying the pathogenesis of bacterial infections are gut microbiota, intestinal permeability, bacterial translocation, and immune deficiency [8, 9] . Infections are culture positive in 50-70% of cases [8] . In a significant proportion of patients, bacterial infections are caused by gram-negative bacteria, even though the incidence of gram-positive bacteria has been increasing, during the last decade, due to the improvement in the management of liver cirrhosis with the increased use of invasive procedures and extended use of antibiotic prophylaxis (mainly norfloxacin) [3, 4, 9] . Nevertheless, in DOI: 10.1159/000494568 recent years, gram-negative bacteria have been re-emerging as a cause of bacterial infections in cirrhotic patients as a consequence of multiple improvements in the whole hospital setting [3] .
The objectives of this study are (1) to identify the most frequent infections in patients with liver cirrhosis; (2) to describe the evolution of microbiology in infections occurring in hospitalized patients with cirrhosis; and (3) to characterize the population according to gender, age, type of infection, bacteria resistance profile, antibiotic use, Child-Pugh-Turcotte (CPT) and Model for EndStage Liver Disease (MELD) scores, and mortality rate.
Material and Methods
This study was a retrospective analysis of the microbiology data evaluation of patients with liver cirrhosis admitted to the medical ward of the Internal Medicine Department due to infection or with infection developing during hospitalization during 4 interspersed years (2008, 2010, 2012, and 2014 The aim of this study was to evaluate the microbiology of patients with liver cirrhosis admitted to the medical ward of the Internal Medicine Department and to verify if at our hospital, over the years, the prevalence of gram-negative bacteria remained the same or if there was an increase in gram-positive bacteria. We also examined the prevalence of hospital mortality in patients with liver cirrhosis, associated with infection, at our hospital.
Definitions
Cirrhosis is the irreversible fibrosis of the liver, the end stage of a final shared pathway in chronic damage to a major vital organ [2] . Liver cirrhosis is a progressive disease that evolves from a compensated stage (mostly asymptomatic) to a decompensated stage [1] .
Bacterial infection is common and accounts for the major morbidity and mortality in cirrhosis [6] . Patients with cirrhosis are immunocompromised and have increased susceptibility to developing spontaneous bacterial infections or hospital-acquired infections [6] . Infections in cirrhotic patients are either present at admission or develop during hospitalization in about 20-35% of patients in some series or 20-60% of patients in others [3, 4, 7] .
Bacterial resistance is the capacity of bacteria to withstand the effects of antibiotics or biocides that are intended to kill or control them. "Multiresistant bacteria" is a term that is used when a bacterial strain is resistant to several different antimicrobials or antimicrobial classes (e.g., β-lactamase-producing Enterobacteriaceae) [10] .
Patients
We divided the patients into 2 categories of infections according to the most recent recommendations: − Community acquired (CA): infections diagnosed in the first 48 h of hospital admission, in patients without hospitalization within the previous 90 days. − Nosocomial: infections diagnosed in patients with more than 48 h of hospitalization.
Statistical Analysis
We performed the appropriate statistical analysis with the software package IBM SPSS Statistics (version SPSS software 20.0, SPSS Inc., 2011, Chicago, IL, USA) and evaluated statistical significance using different methods depending on the normalization of the data. Frequency differences were assessed using the χ 2 test. The normality of continuous variables was evaluated by graphical analysis of histogram, boxplot, and Q-Q plot. Variables with normal distribution were described by means ± standard deviations, and the variables with non-normal distribution were described by medians and 25th and 75th percentiles (P25-P75). Comparisons between groups were made using the t test for 2 independent samples and the Mann-Whitney test, respectively. The threshold for significance was defined as p < 0.05.
Results

Patient Infections
In the present study, we included patients with liver cirrhosis hospitalized in the medical ward for infection in 4 different periods: 71 infections in 58 patients in 2008, including 35 (49%) CA and 36 (51%) nosocomial; 86 infections in 65 patients in 2010, including 52 (60.5%) CA and 34 (39.5%) nosocomial; 99 infections in 65 patients in 2012, including 56 (56.6%) CA and 43 (43.4%) nosocomial; and 116 infections in 87 patients in 2014, including 82 (70.7%) CA and 34 (29.3%) nosocomial. In all periods, the patients were mostly men, 77.5% in 2008, 62.8% in 2010, 78% in 2012, and 69.8% in 2014, with no statistically significant differences regarding the ratio of men/ women among the 4 groups (p = 0.088). In 2014, the patients were significantly older (mean 68.1 years [standard deviation 11.75], p < 0.001) than in previous periods. The characteristics of the patients are described in Table 1 .
In the 4 periods, the most prevalent etiology of cirrhosis was alcoholic, with no significant differences between groups (p = 0.667). However, there were various etiologies of cirrhosis, as described in Table 1 . In the 4 periods, the most frequent infections were SBP, UTI, respiratory tract infection, and cellulitis. In 2008, the most prevalent infection was SBP (38.0%), while in the remaining periods the most prevalent infection was that of the urinary tract. However, we found a variety of infections in cirrhotic patients, as shown in Table 2 .
A microbiological agent was identified in 32. 4 The majority of microbiological agents identified were Escherichia coli. In 2012, we isolated 2 fungi (Candida albicans): both were isolated in uroculture, caused by UTI. However, we found a great variety in microbiological agents in cirrhotic patients, as shown in Table 3 In all periods, a third-generation cephalosporin (ceftriaxone) was the most frequent antibiotic used empirically: 34 (50%) patients used it in 2008, 33 (42.8%) in 2010, 41 (42.3%) in 2012, and 59 (43%) in 2014, followed by amoxicillin/clavulanate with increased use over time (13.1% in 2008, 17 .1% in 2010, 20.3% in 2012, and 21.6% in 2014) in association with the increase in urinary and respiratory tract infections (the latter being sometimes associated with macrolides). In Table 5 , the various antibiotics used are summarized. In all series, the efficacy of antibiotic therapy was high (77.5% in 2008, 66.3% in 2010, 70.7% in 2012, and 75% in 2014). However, the mortality rate increased significantly over time, from 7% in 2008 to 25% in 2014, with significant differences between all series (p = 0.016).
Discussion
The association between cirrhosis and bacterial infections has been investigated intensively for a long time [11] . Cirrhotic patients are prone to develop infectious diseases because of their underlying immune-compromised status [12] . As cirrhotic patients are more likely to undergo invasive diagnostic or therapeutic procedures, which can alter the host's defense barrier, they are at increased risk of acquiring nosocomial infections [13] .
The present study reported that the majority of the cirrhotic infections were CA (49, 60.5, 56.6, and 70.7% in 2008, 2010, 2012, and 2014, respectively). In the literature, approximately 60% of bacterial infections in cirrhotic patients are CA and 40% are nosocomial [14] . Thus, the percentage in our study was relatively similar to that in the literature, except for the percentage in 2008.
In our study, the infections detected in cirrhotic patients were UTI (32.5%), respiratory tract infection (29.3%), SBP (26.1%), and cellulitis (6.2%). However, according to the literature, the most common infections in cirrhotic patients are SBP (25%), UTI (20%), pneumonia (15%), bacteremia (12%), and cellulitis (2-11%) [5, 8] , which illustrates that the prevalence of each infection, in 
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ESBL, extended-spectrum β-lactamase. this study, is about the same as that described in the literature so far, except for UTI and pneumonia. In this study, a microbiological agent was identified in 32.4, 59.3, 53.5, and 61.2% of infections in 2008, 2010, 2012, and 2014, respectively. In the literature, infections are culture-positive in 50-70% of the cases, and the causative organisms of CA are gram-negative bacilli (GNB), especially E. coli, in about 60%, gram-positive cocci (GPC), in about 30-35%, and flora mixed in 5-10% [8, 15] . In nosocomial infections, the pattern is different, with 60% for GPC and 30-35% for GNB, as a result of the use of previous antibiotic therapies, recent or current hospitalization, and therapeutic procedures [6, 8, 15] . So, with the exception of the year 2008, the microbiological identification was higher than 50%, which is in agreement with the published literature.
The present study identified 42.5, 60.8, 64.8, and 67.6% GNB in the 4 interspersed years, consecutively, and the great majority of microbiological agents identified were E. coli. In 2012, 2 fungal infections (C. albicans) were detected: both were identified in UTI (1 nosocomial in a patient with a history of prostatic carcinoma; and 1 CA in a patient with a history of diabetes mellitus). According to the literature, in SBP and UTI, GNB (E. coli and Klebsiella) are predominant, while GPC are predominant in pneumonia (Streptococcus pneumoniae) and procedureassociated bacteremia (Staphylococcus aureus) [8, 15, 16] . Fungal infections (especially Candida species) are involved in up to 15% of severe cases of sepsis in cirrhosis [8, 15] . In this study, 9.6% multidrug-resistant bacteria were identified in 2008, 18.5% in 2010, 11.3% in 2012, and 14.4% in 2014, the majority being nosocomial (85.7, 70.6, 75, and 83.3% in 2008, 2010, 2012, and 2014, respectively). The burden of antimicrobial resistance among gramnegative pathogens has alarmingly increased worldwide over the last decade, showing resistance to at least 3 different classes of antimicrobials (Enterobacteriaceae [particularly Klebsiella pneumoniae], Pseudomonas aeruginosa, and Acinetobacter baumannii) [17] . Multidrug-resistant gram-negative pathogens have been associated with delays in an adequate antimicrobial treatment, leading to significant increases in mortality, along with prolonged length of in-hospital stay and excesses in health-care costs [17] . However, an increase in resistance among grampositive bacteria has also been detected, especially methicillin-resistant S. aureus and Enterococcus faecium [6] . In order to limit the prescription of antimicrobials and minimize resistance development, the stratification of patients at risk for multidrug-resistant pathogens is crucial but unfortunately remains a challenge in clinical practice [17] .
In the present study, the following most common CA infections were identified: 66.7, 45.5, 54.2, and 25% in SBP; 40, 58.1, 47.4, and 50% in UTI; 41.7, 69.2, 57.1, and 72% in respiratory tract infections; and 100, 100, 87.5, and 83.3% in cellulitis in 2008, 2010, 2012 , and 2014, respectively. In these patients, empirical antibiotic therapy was successfully and correctly used in 94.2% in SBP, 47.9% in UTI, 59.7% in respiratory tract infection, and 75.7% in cellulitis. Empirical antibiotic therapy was used correctly in more than 60% of all CA infections, with the exception of UTI. However, over the 4 interspersed years, the percentage of correct empirical antibiotic therapies in UTI increased (25, 50, 50, and 66.7% in 2008, 2010, 2012, and 2014, respectively). A high rate of suspicion and an early and appropriate initiation of antibiotics are needed in all patients with liver cirrhosis, correlating with a higher survival rate [14, 18] . Indeed, an adequate empiric antimicrobial treatment will improve the prognosis [18] . Cirrhotic patients with sepsis and septic shock require emergency care during the early stage of sepsis (especially the first 6 h) and an empiric antimicrobial treatment as soon as possible, because each hour of delay decreases the survival rate by 7.6% [15, 18] . Microbiological samples should be taken as early as possible when infection is suspected, before starting empiric antibiotics, which should be adapted to local epidemiology, prevalence of antibiotic resistance, and results of bacterial cultures [18] . Empiric antibiotic treatments for classical CA bacterial infections in cirrhosis are shown in Table 6 .
In the present study, the majority of infections in cirrhotic patients occurred in CPT stage B (42.7%) and stage C (39.3%), and the MELD score was > 15 in the 4 interspersed years (16.8 in 2008, 18.9 in 2010, 16.4 in 2012, and 15.1 in 2014) . According to the literature, the occurrence of bacterial infection in cirrhotic patients was associated with higher CPT or MELD scores (higher in CPT stage C and MELD > 15) [19] , showing that our results are in accordance with the literature. The present study showed that most fatalities occurred in cirrhotic patients with more severe disease (CPT score . This indicates that there seems to be a correlation between mortality and nosocomial infections, which can be explained by the fact that these are more resistant and, therefore, more challenging to treat. Indeed, these results can also be corroborated by the literature.
Furthermore, we checked whether there were statistical correlations between age and nosocomial infections and realized that there is no relation between the 2 in In the literature, severe cirrhosis (according to the CPT score) has higher rates of bacteremia (A: 3%, B: 23%, C: 48%) with an overall mortality rate of 37-59% [16] . Infection-related mortality is high in patients with endstage liver disease, approaching 30% within 30 days and 66% within 1 year after hospital admission [3] . For this reason, infection is considered an important prognostic marker in patients with end-stage liver disease [3] .
In our study, the MELD score was lower than in a previous article [10] However, we found some similarities between the 2 articles: gram-negative bacteria were still more prevalent than gram-positive bacteria, the most common pathogen being E. coli, and CA infections were still more prevalent than nosocomial infections.
In conclusion, in the present study, we found that the MELD score was higher in patients who died (except in 2008), and this ratio is statistically significant. Although the increase in age does not statistically correlate with mortality, data show that the average age over the years has increased, indicating that most patients are now older, despite having a lower MELD average score over the years.
Another important factor that may also have influenced the increase in mortality are the comorbidities in patients with more advanced age (namely cardiovascular risk factors), which is a bias in this study, since these variables were not analyzed. Thus, we believe that comorbidities are a variable to be taken into account in a future project.
Conclusion
Infections are a major problem in patients with liver cirrhosis which causes multiple disturbances in the defense mechanisms and thus increases bacterial translocation [14, 16] . With early diagnosis of infection and the DOI: 10.1159/000494568 appropriate antibiotic treatment, the mortality rate from bacterial infections in cirrhotic patients can decrease over the years [14] .
Indeed, the majority of the cirrhotic infections were CA, with a predominance of gram-negative bacteria. Instead, in nosocomial infections, there was a preponderance of multidrug-resistant bacteria. We observed an increased mortality rate in these patients when the decompensation occurred in the context of infection, and a correlation was detected between the mortality rate and more severe disease (CTP scores B and C and MELD > 15) in the 4 analyzed years. We also observed that the prevalence of multiresistant bacteria did not increase over the years, which shows that a good antibiotic policy can contain this flagellum. We believe that this study raises new issues for future research.
